Objective: In stating the Millennium Development Goals, the United Nations aims to halve malnutrition around the world by 2015. Nutritional status of the elderly population in low-income countries is seldom focused upon. The present study aimed to evaluate the magnitude of malnutrition among an elderly population in rural Bangladesh. Design and setting: Data collection for a multidimensional cross-sectional study of community-based elderly people aged 60 years and over was conducted in a rural area in Bangladesh. Subjects: Of 850 randomly selected elderly individuals, 625 participated in home interviews. Complete nutritional information was available for 457 individuals (mean age 69^8 years, 55% female). Nutritional status was assessed using an adapted form of the Mini Nutritional Assessment (MNA) including body mass index (BMI). Age, sex, education, household expenditure on food and self-reported health problems were investigated as potential predictors of nutritional status. Results: BMI , 18.5 kg m 22 , indicating chronic energy deficiency, was found in 50% of the population. MNA revealed a prevalence of 26% for protein -energy malnutrition and 62% for risk of malnutrition. Health problems rather than age had a negative impact on nutritional status. Level of education and food expenditure were directly associated with nutritional status. Conclusion: In order to reduce world hunger by half in the coming decade, it is important to recognise that a substantial proportion of the elderly population, particularly in low-income countries, is undernourished.
All 191 member states of the United Nations have pledged to meet the Millennium Development Goals by 2015, only a decade away 1 . The first of the eight stated goals is to eradicate extreme poverty and hunger. One of the indicators of this is to halve the number of people who are undernourished 2 . In order to achieve this goal, Svedberg 3 notes that five Ws will need to be addressed: what constitutes undernutrition; who the undernourished are; where they are located; when they are undernourished; and why they are undernourished. This study focuses on the 'who' and to some extent the 'why' questions.
Of the 852 million people estimated to be undernourished during 2000 -2002 worldwide, 95% lived in developing countries 4 . Nearly one-third of the Bangladeshi population, or more than 42 million people, is malnourished in terms of undernutrition, with a daily dietary energy supply of less than 2190 kcal per capita 4 . In Western societies, elderly persons are more likely than younger adults to suffer from malnutrition 5 . A variety of functional, psychological, economic and social factors result in poor diet, qualitatively and quantitatively, that negatively influences the nutritional status of older people 6 . Malnourishment in the older population is also reported to be a consequence of inadequate food intake, underlying illnesses, gender (with women being at higher risk) and economic vulnerability 7 -9 . Implications of undernutrition in the elderly are manifold. It can reduce functional status and worsen existing medical problems, and hence impact negatively on health-related quality of life. Omran and Morley 10 cite studies reporting that undernutrition increases the risk of respiratory and cardiac problems, infections, deep venous thrombosis, pressure ulcer, perioperative mortality and multiple organ failure. Several other studies identify malnutrition as a determinant of increased risk of frailty, morbidity and even mortality 11 -13 . The elderly population (aged 60 years and over) is rapidly increasing worldwide and the increase will, both in relative and absolute terms, be much more dramatic in low-income than in high-income regions of the world 14 .
Out of a population of almost 144 million in Bangladesh, more than 7 million (5.1%) are aged 60 years and above 15 . By 2020, Bangladesh will, with a projected 14 million elderly people, be one of the 10 nations with the largest elderly population 16 . Information on the nutritional status of older persons in low-income countries such as Bangladesh is scarce and not well documented 17 . Research and public health activities in Bangladesh have so far focused largely on nutritional aspects related to children and women of reproductive age 18, 19 . The present paper aims to inform about the magnitude of malnutrition that prevails among an elderly population in rural Bangladesh. Demographic, socio-economic and health determinants of malnutrition are also investigated.
Methods

Participants
During August 2003 to January 2004, data collection for a multidimensional cross-sectional study of elderly people aged 60 years and over was conducted in Matlab, a rural area 55 km south-east of Dhaka city. ICDDR,B has been maintaining a Demographic Surveillance System in the area since 1966 that currently covers a population of approximately 220 000 across 142 villages. A total number of 850 community-dwelling elderly individuals aged 60 years and over was randomly selected from the surveillance database maintained by ICDDR,B. On obtaining informed consent, participants were first interviewed by trained interviewers at their homes. They were then invited to clinical examinations conducted by physicians at a nearby health centre. From the selected target population of 850, 63 were dead before the beginning of the study, 38 refused to participate, 11 had migrated, 93 could not be reached, 18 were found to be registered twice in the surveillance database and two persons were found to be under age (after cross-checking age). A total of 625 individuals participated in the home interview, of whom 473 underwent clinical examination. Results presented here include only those elderly individuals for whom complete data on nutritional status are available (n ¼ 457). Informed consent was obtained from participants prior to interview. The study was approved by ethics committees at ICDDR,B in Dhaka and the Karolinska Institutet in Stockholm.
Background information
Demographic, socio-economic information and data on self-reported morbidity were collected during the home interview. The demographic indicators used here include age and sex of the respondent. Socio-economic status (SES) of the respondent is indicated by years of schooling and information about per capita daily expenditure on food items in the respondent's household. This was calculated by using the number of household members as denominator. Health status of the elderly respondents in this study is indicated by self-reported health problems. These were categorised into respiratory (uncomfortable feeling in the chest, cough, asthma, problem with breathing), stomach and sensory (vision and hearing), and problem with pain (waist, joint) and sleep.
Assessment of nutritional status
Nutritional status was assessed by physicians using the Mini Nutritional Assessment (MNA), which is an instrument specifically designed for elderly people 20 . It is a simple and rapid tool with high sensitivity (96%) and specificity (98%) to screen older persons for malnutrition 21 . The MNA, comprising 18 items, is based on the following components: anthropometric measurements, dietary questionnaire, global health and social assessment, and subjective assessment of health and nutrition. The instrument was used in this study in its entirety but with a few modifications. Although the instrument is not specifically stated as one to be used only in Western elderly populations, it states certain cut-offs such as for body mass index (BMI) that are used for Western populations. The World Health Organization (WHO) recommends a lower cut-off (,18.5 kg m
22
) to classify adults as underweight than that suggested in the MNA. Therefore, in this study we used the BMI cut-off suggested by WHO, as done in other similar studies 22, 23 . Also, due to a lack of information on calf circumference and the inappropriateness of a query regarding living in a nursing home (nursing homes for sick elderly persons do not exist in rural Bangladesh), these two items were dropped from the current assessment. Accordingly, the total assessment scores were adjusted by lowering 2 points from that suggested by the original MNA. The original MNA instrument classifies elderly persons into three stages of nutritional status based on scores ranging from 0 to 30. The adjusted instrument used in the present study also categorised individuals into three levels of nutritional status but based on scores ranging from 0 to 28 and a lowering of cut-offs by 2 points: accordingly, a score of $ 22 indicates satisfactory nutritional status, a score of 15 to 21.5 indicates risk of malnutrition and a score , 15 indicates protein -energy malnutrition (PEM).
Three specific items of MNA related to consumption were analysed separately in order to investigate possible associations between consumption and socio-economic status. These items are daily consumption of full meals (number of full meals), protein (meat, fish, beans, eggs and dairy products), and fruits and vegetables.
Statistical analyses
Independent variables used in this study include age, sex, socio-economic status (indicated by years of education and per capita daily household expenditure on food) and self-reported health problems. The main outcome studied is nutritional status as indexed by MNA. Descriptive analyses were performed to report prevalence, and the independent t-test used to compare means between groups. Finally, hierarchical stepwise linear regression was done in order to identify predictors of nutritional status and to examine variations in nutritional status accounted for by the predictors. In these analyses, a block of demographic indicators (age in years, sex) was entered in the first step. In the second step, the block of socioeconomic indicators (i.e. years of schooling, per capita daily household expenditure in Taka) was entered. Finally, in the third step, the block of health indicators (respiratory problem, stomach problem, pain, sensory problem, sleeping problem) was entered. Thus, the additional impact of each block of indicators on MNA scores was examined after removal of variance accounted for by the previous block of indicators.
Results
Median age was 68 years and equal between men and women (see Table 1 ). Almost 60% of the study sample was illiterate, and the proportion of literacy among women was significantly lower than that among men. The mean per capita household expenditure on food was similar between men and women. Finally, in self-reported health problems, for all the stated problems a higher proportion of women reported complaints than men (see Table 2 ).
Comparisons between respondents and drop-outs on background and health profile indicated that the drop-outs were mostly women, older and had lower socio-economic status as assessed by the indicators (Tables 1 and 2 ). The drop-out group consisted mainly of those who did not participate in the clinical investigation (n ¼ 152) and those for whom nutritional data were missing (n ¼ 16) although they participated in the clinical examination.
Prevalence of malnutrition
According to the WHO categorisation of nutritional status based on BMI, i.e. ,18.5 kg m 22 , 49.7% of the elderly people in this study suffered from chronic energy deficiency (CED). No significant difference was found between men (19.1^2.7 kg m 22 ) and women (18.9^3.4 kg m
22
) on the basis of mean BMI. In contrast, women in this study had a significantly lower mean MNA score (17.2) than men (18.1) (P ¼ 0.003). According to MNA categorisation, the prevalence of PEM and risk of malnutrition in this sample was 26% and 62%, respectively (Fig. 1) . The corresponding figures for elderly men and women were 22% and 63%, and 29% and 61%, respectively. Figure 2 indicates level of consumption by nutritional status. The highest proportion of the well-nourished group took three full meals per day and a third of the undernourished group survived on one meal a day (P , 0.001). However, it is notable that substantial proportions of those categorised as undernourished or at risk of malnourishment consumed two or three full meals a day, indicating that the content of the meals may be nutritionally poor (Fig. 2a) . Protein consumption was low across all groups of nutritional categories, and lowest in the undernourished group (P , 0.01) (Fig. 2b) . Absence of daily consumption of fruits and vegetables was also most pronounced in the undernourished group (P , 0.001) (Fig. 2c) . Table 3 shows results of the hierarchical linear regression analyses. In these analyses, demographic information (i.e. age and sex) was entered in the first step, information regarding years of schooling and per capita daily household expenditure in the second step, and a block of health indicators was entered in the third step. These analyses indicated that demographic indicators accounted for approximately 3% of the variation in MNA scores and that older age (2b) and being a woman (2 b) were associated with lower MNA scores (Table 3) . Furthermore, the block of socio-economic variables accounted for an additional 4% of MNA variation. Among these variables, longer education (b) and higher per capita daily household expenditure (b) were significantly associated with higher MNA scores. Finally, the block of self-reported health indicators accounted for an additional 9% of the variation at the mean level of the demographic and economic information. All health problems (2b) except pain were significantly associated with lower MNA scores.
Consumption pattern by nutritional status
Determinants of nutritional status
Discussion
Of the five Ws identified by Svedberg 3 in order to reduce prevalence of undernutrition, this paper mainly aids in shedding light on the 'who' question and to some extent provides tentative answers to the 'why' question.
Who are undernourished?
Using anthropometric measures, a study from rural Malawi demonstrates that undernutrition among its older people is a significant problem 24 . In central Uganda, the prevalence of malnutrition, based on BMI and mid upper-arm circumference, within the population aged 60-90 years is reported to be 33% and 52%, respectively 25 .
Accordingly, the present study shows that a substantial segment of elderly individuals in rural Bangladesh are either undernourished or at risk of malnourishment. According to MNA score, our results show a 26% prevalence of PEM and 62% to be at risk of malnutrition, totalling to a magnitude of nearly 90% of elderly people with a grim nutritional profile. It should be noted that, due to deletion of items such as calf circumference and the query regarding living in a nursing home from the instrument, the cut-offs were lowered by 2 points. The MNA instrument is not validated for use in elderly populations in low-income countries; thus the results need to be interpreted somewhat cautiously. Using the international criteria on classification of CED as BMI , 18.5 kg m 22 , one of the rare studies on adult nutrition in Bangladesh reports CED prevalence of 63% and 72% among adults (19 years and older) in two selected rural areas 26 . Other studies from Bangladesh also report high prevalences of nutrient deficiencies such as calcium, iron and vitamin A 18,26 -28 . However, these figures are not comparable with the results of the current study as they included mostly younger populations and used other indicators for assessing nutritional status. Interestingly, another Asian study on Japanese elderly that employed both MNA and the same BMI cut-off 22 reported very similar figures (i.e. 20% malnourished and 58% at risk of malnourishment).
In high-income countries, the prevalence of malnutrition assessed with MNA is substantially higher among institutionalised elderly people (30-70%) 29, 30 than among those living in their homes (5 -10%) 21 . Institutionalisation in these contexts indicates requiring intensified care due to sickness or frailty. In Bangladesh, there are no institutions for this special group of elderly people; hence all live at home with the exception of hospitalisation for acute cases. Thus, the prevalence of PEM in free-living elderly persons in Bangladesh corresponds to that found among institutionalised and hospitalised chronically ill elderly individuals in affluent societies. Using MNA, Persson et al. 31 report similar prevalences of PEM (26%) and moderate PEM or at risk of being PEM (56%) among Swedish geriatric patients as found in our study. Thomas et al. 32 describe malnutrition to have reached epidemic proportions in a sub-acute care facility in St. Louis, USA, with the prevalence of either malnourished or at risk of malnutrition among its geriatric patients reported as more than 90%, a figure similar to that in the present study. Among studies of non-institutionalised elderly persons in the USA and Europe, the prevalence of nutritional risk is reported to range between 18% and 41%, whereas none were found to suffer from malnutrition 33 -35 . Finally, in Asia, a population-based study in Taiwan using the MNA reports moderate and high risk of malnutrition among older persons ranging from 1.9% to 3.6%, figures comparable to those of Europe 36 .
Why are they undernourished?
The alarmingly high prevalence of elderly people either undernourished or at risk of malnutrition in Bangladesh raises a number of issues. Research from Western societies indicates that, due to a complexity of factors, the prevalence of malnourishment is higher in the older population than younger adults. Health status rather than age itself is suggested as important in explaining malnutrition among older persons 7, 29 . Based on this thinking, we modelled our regressions such that the predictors were ordered from general (demographic) to more specific (health).
Results from the present study also indicate that, among elderly persons, health problems rather than increment in chronological age has a greater negative impact on nutritional status. The results also indicate that level of education and expenditure on food are directly associated with nutritional status. Malnutrition in low-income countries is intrinsically related to food insecurity, resulting in sections of the population with low food intake 9, 17 . It is plausible in the current context that the high level of malnutrition found among the elderly is a cumulative effect of adverse economic factors occurring gradually through the life course and the presence of illness. Moreover, the simultaneous occurrence of abundant malnutrition and illness in the populations of lowincome countries imposes a dual burden on these societies, hampering their economic growth and development. In future studies, it is important to identify at what stage in this population malnourishment is likely to occur, and the determinants that sustain the status into old age. MNA is a tool to identify those at risk of malnutrition who can benefit from early intervention. Using MNA to describe nutritional status of the elderly in Bangladesh, our data suggest that more than half of elderly individuals are at risk of malnourishment in this rural community, persons who can potentially benefit from interventions. It can contribute in reducing susceptibility to health problems such as infectious diseases associated with low-income countries, and consequently increasing opportunities for Finally, in order to achieve the first of the stated targets of Millennium Development Goals of halving world hunger in the coming decade, it is important to recognise that a substantial proportion of the elderly population, particularly in low-income countries, is undernourished. 
